Aims: Lenvatinib and sorafenib have been evaluated in separate Phase III placebo-controlled trials in patients with radioiodine-refractory differentiated thyroid cancer; however, no head-tohead comparative studies are available. We performed an indirect comparison of these agents using matching-adjusted indirect comparison (MAIC) to adjust for differences in baseline characteristics, a technique allowing comparison of two studies with patient-level data available for one but only aggregate data available for the other. Patients and methods: Individual patient data were available for the SELECT trial (lenvatinib versus placebo) whereas only published summary data were available for the DECISION trial (sorafenib versus placebo); therefore the SELECT data were adjusted to closely match the DECISION data. Data for patients in SELECT were assigned weights so that weighted mean baseline characteristics of the SELECT population matched those reported for DECISION. Adjusted hazard ratios (HRs) for progression-free survival (PFS) and overall survival (OS; corrected for crossover using rank-preserving structural failure time models) were calculated using weighted Cox regression models. Adjusted HRs were used to calculate indirect HRs with 95% confidence intervals (CIs). Results: Indirect treatment comparison using unadjusted clinical trial data resulted in an HR for PFS of 0.36 (95% CI 0.22-0.57) for lenvatinib versus sorafenib; MAIC resulted in an HR of 0.33 (95% CI 0.20-0.53), suggesting a statistically significantly superior PFS for lenvatinib. The HR for crossover-corrected OS for lenvatinib versus sorafenib was 0.77 (95% CI 0.44-1.35); MAIC resulted in an OS HR of 0.73 (95% CI 0.40-1.35). Conclusion: After adjusting for differences in baseline characteristics using MAIC, lenvatinib was associated with statistically significantly superior PFS compared with sorafenib in patients with radioiodine-refractory differentiated thyroid cancer. This suggests lenvatinib may provide superior efficacy compared with sorafenib for patients with radioiodine-refractory differentiated thyroid cancer.
Introduction
An estimated 62,500 new cases of thyroid cancer will be diagnosed in the US in 2015. 1 Most thyroid cancers are differentiated cancers that develop from thyroid follicular cells, including papillary and follicular cancers. Differentiated thyroid cancers are frequently asymptomatic for long periods of time and patients commonly present with a single nodule. 2 Although thyroid nodules are relatively common and increase in incidence throughout life, thyroid cancer is uncommon, with a lifetime risk of approximately 1% in the US. 
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Tremblay et al Treatment for localized thyroid cancer consists of surgery, thyroid-stimulating hormone management, and radioactive iodine (radioiodine) ablation for distant metastases. 2, 4 A proportion of patients (,5%) 5 will have disease that is refractory to radioiodine ablation therapy. Radioiodine-refractory differentiated thyroid cancer (RR-DTC) is difficult to treat and life-threatening. 6 The 10-year survival rate from the time of metastasis detection is only 10% in patients with RR-DTC compared with 56% in those responsive to radioiodine. 7 Recent developments in our understanding of the processes underlying thyroid cancer have led to the investigation of tyrosine kinase inhibitors (TKIs) as treatment for RR-DTC. Phase III placebo-controlled trials in patients with RR-DTC have assessed the efficacy of the TKIs sorafenib 8, 9 and lenvatinib. 10 Both of these studies demonstrated a significant progression-free survival (PFS) advantage for patients treated with the TKI. To date, however, no head-to-head Phase III studies have compared lenvatinib and sorafenib.
Determining the value of therapeutic agents is becoming more important in the context of limited health care budgets, an aging population, and increasing costs of new drugs. In an attempt to help guide decision-making at various levels, ranging from public policy to clinical practice, the European Society for Medical Oncology has developed a Magnitude of Clinical Benefit Scale that will score and derive relative rankings for new agents and interventions. 11 This tool can only be applied to comparative studies. In a related initiative, the American Society of Clinical Oncology has developed a framework for comparing the relative clinical benefit of treatment, with the aim of helping physicians and patients assess the value of a new drug versus a standard of care. 12 Within this framework, the net health benefit (NHB; a combination of clinical benefit and toxicity) of an agent is derived from randomized clinical trials comparing two or more chemotherapy regimens. This NHB is limited to therapies compared within a clinical trial and one NHB is not comparable with the NHB of other regimens determined on the basis of a different comparator regimen used in another trial.
In the absence of comparative data from head-to-head clinical studies, indirect treatment comparison based on available placebo-controlled studies is one possible option for health care decision-makers. Network meta-analysis can also be used to facilitate cross-trial comparisons. However, indirect treatment comparison approaches are limited by differences in characteristics of the studies being compared, such as study design and patient characteristics, which can bias the results. These limitations are especially pronounced when the number of studies is small. 13 Matching-adjusted indirect comparison (MAIC) is a technique that has been developed to allow for the comparison of two studies, while controlling for baseline characteristics, when individual patient data are available for only one study. 13 In this approach, the population with individual patient data is adjusted and reweighted to match the population with summary statistical data. Treatment outcomes can then be compared between the two groups. This approach has been used to provide comparative evidence in advance of the publication of randomized comparative studies in several settings, including chronic myeloid leukemia, attention-deficit hyperactivity disorder, diabetes, and psoriatic arthritis. [14] [15] [16] [17] [18] We used MAIC in the present analysis to compare the efficacy of lenvatinib and sorafenib in patients with RR-DTC based on data from the only two randomized controlled studies currently available for these agents: patient-level data from the SELECT trial 10 and aggregate data from the DECISION trial.
8,9

Methods
study designs
Evidence of the efficacy of lenvatinib and sorafenib in patients with RR-DTC has been demonstrated in two separate pivotal Phase III studies. Lenvatinib (Eisai Inc, Woodcliff Lake, NJ, USA; 24 mg/day in 28-day cycles) was compared with placebo in the multicenter SELECT trial 10 and sorafenib (Bayer AG, Leverkusen, Germany; 400 mg twice daily) was compared with placebo in the multicenter DECISION trial. 8 Design features of both studies and differences between them are summarized in Table 1 .
Crossover was permitted on progression in both studies. In SELECT, placebo-treated patients with progressive disease confirmed by independent review could elect to enter the open-label lenvatinib phase. In DECISION and SELECT, treatment could be unmasked in patients with protocol-defined, investigator-determined disease progression (confirmed by central independent blinded review) and the patient could begin open-label sorafenib or lenvatinib, respectively.
Outcome measures
The primary endpoint in both studies was PFS. 8, 10 PFS in SELECT was defined as the time from randomization to the first documentation of disease progression by independent radiological review or to death in the intention-to-treat population (all patients who underwent randomization). PFS in DECISION was defined as the time from randomization to radiological progression or death. Overall survival (OS) was a secondary endpoint in both studies and was defined as the time from randomization to death. 
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MaiC in radioiodine-refractory differentiated thyroid cancer For the DECISION trial, PFS data (median values and hazard ratios [HRs]) were extracted from published data on the primary analysis, which was performed on August 31, 2012, when 240 PFS events had occurred. 8 At that cut-off, median OS had not been reached; however, results of an updated OS analysis have since been published based on a data cut-off on May 31, 2013. 9 Individual patient data were available for the SELECT study. PFS data for the SELECT trial were obtained at the protocol-defined cut-off date for the primary analysis (November 15, 2013), at which point the median OS had not been reached; an updated OS analysis, requested by the European Medicines Authority, was performed when more mature and informative OS data were available (June 15, 2014). 19 For the present analysis, therefore, the following datacuts were used: DECISION: PFS data were taken from the primary analysis 8 and OS data were obtained from the updated survival analysis 9 ; SELECT: PFS data were obtained from the primary analysis 10 and OS data were obtained from the updated survival analysis. 19 In both studies, crossover-corrected OS data were also available for comparison. In the SELECT updated analysis, the 95% confidence interval (CI) and P-value for the OS HR were estimated using a resampling method (bootstrapping). 19 
statistical methods
For both PFS and OS, SELECT data were first matched and adjusted to the DECISION data to ensure comparability of the two datasets. An adjusted HR was then calculated for SELECT and this adjusted HR was used to calculate a matched-adjusted HR comparing the PFS for lenvatinib-treated patients with the PFS for those treated with sorafenib.
The first step in the matching process involved aligning the inclusion/exclusion criteria for the two datasets as closely as possible by modifying the SELECT population. As brain metastases and previous treatment with targeted therapies for thyroid cancer were exclusion criteria in the DECISION trial, patients fulfilling these criteria were removed from the SELECT population.
The second step involved weighting the SELECT data such that the means/percentages of patient characteristics common to both datasets matched those in DECISION. Characteristics used in the matching process were age, sex, Eastern Cooperative Oncology Group performance status, geographical region, histology, and site of metastasis. The weight was created by performing a logistic regression on the patient-level SELECT data that included an extra observation (patient) representing the DECISION data, ie, a patient to whom the mean/percentage summarized values for the DECISION patient characteristics were attributed. The predicted values (or propensity score) that resulted from the logistic regression were used to weight the SELECT data, ie, adjusted HRs were calculated using weighted Cox regression models.
A large proportion of patients in both studies (75% in DECISION and 88% in SELECT) crossed over from placebo to TKI treatment upon disease progression, resulting in a loss of information on the magnitude of the clinical effect of treatment in the absence of crossover and a biased estimate of OS. In both studies, OS data corrected for crossover using rank-preserving structural failure time models 20 were available for comparison.
For each of the comparisons above (PFS and crossovercorrected OS), a further comparison was made that excluded the matching process. Thus, there were four comparisons in total: PFS indirect comparison; PFS MAIC; OS crossovercorrected indirect comparison; and OS crossover-corrected MAIC.
Analyses were conducted using Stata (version 13.1; StataCorp LP, College Station, TX, USA).
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Results
Patients
The designs of the SELECT and DECISION studies were generally comparable, although some differences were noted ( Table 1) .
The median follow-up time in the SELECT trial was 17.1 and 17.4 months for the lenvatinib and placebo arms, respectively, for the primary analysis and 23.6 and 24.1 months, respectively, for the updated OS analysis. The median follow-up time in the DECISION trial was 16.2 months for the primary analysis.
In the SELECT trial, the intention-to-treat population comprised 261 patients treated with lenvatinib and 131 treated with placebo. The intention-to-treat population in DECISION consisted of 207 patients treated with sorafenib and 209 treated with placebo. Patient characteristics are summarized in Table 2 . Geographical distribution of patients and the proportion of patients with bone metastases differed between the two studies. After matching adjustment, means and percentages for patient characteristics common to both studies were matched (Table 3) .
PFs
In the SELECT trial, lenvatinib treatment resulted in a median PFS of 18.3 months (95% CI 15.1 months-not estimable); median PFS in sorafenib-treated patients in DECISION was 10.8 months. The median PFS for the placebo arm was shorter in the lenvatinib trial than in the sorafenib trial (3.6 versus 5.8 months, respectively). In both studies, the active treatment provided a statistically significant prolongation of median PFS compared with placebo.
Results of the indirect treatment comparison analyses of PFS for lenvatinib versus placebo and sorafenib versus placebo are summarized in Table 4 . Unadjusted HRs were 0.21 (95% CI 0.14-0.31) for lenvatinib versus placebo and 0.59 (95% CI 0.45-0.76) for sorafenib versus placebo. MAIC resulted in an HR of 0.19 (95% CI 0.13-0.29) for lenvatinib versus placebo ( Figure 1A) .
Results of the indirect treatment comparison of PFS for lenvatinib versus sorafenib are shown in Figure 1B and summarized in Table 4 . The HR for PFS for the unadjusted clinical trial data was 0.36 (95% CI 0.22-0.57) for lenvatinib versus sorafenib; following MAIC, the HR for lenvatinib versus sorafenib was 0.33 (95% CI 0.20-0.53) ( Figure 1B ).
Os
Median OS had not been reached in either of the activetreatment arms in SELECT and DECISION at the time of the updated analyses (Table 4 ). The crossover-corrected HRs for OS were 0.53 (95% CI 0.34-0.82) for lenvatinib versus placebo and 0.69 (95% CI 0.49-0.99) for sorafenib versus placebo. Applying MAIC to the crossover-corrected OS for lenvatinib versus placebo resulted in an HR of 0.51 (95% CI 0.30-0.82) (Figure 2A ). Table 4 Comparison of PFs and Os data before and after matching Updated survival analysis (data from Brose et al.) 9 na indicates only aggregate data were available and these were not subjected to MaiC. Abbreviations: CI, confidence interval; HR, hazard ratio; MAIC, matching-adjusted indirect comparison; NA, not applicable; OS, overall survival; PFS, progression-free survival. 
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Discussion
RR-DTC is an orphan disease in which few large-scale randomized clinical trials have been conducted. Importantly, no head-to-head clinical studies comparing lenvatinib and sorafenib have been carried out in this patient population, leaving decision-makers unable to apply best-available evidence to newly emerging value frameworks. To generate comparative evidence of treatment effect in the absence of head-to-head studies, we used the MAIC approach to compare results from the SELECT trial, for which individual patient-level data were available, and the DECISION trial, for which only aggregate data were available, adjusting baseline characteristics of the SELECT population to match those of the DECISION population.
Our analysis of PFS after MAIC revealed a statistically significant PFS advantage for lenvatinib compared with sorafenib for patients with RR-DTC. This benefit was notable because SELECT patients had more severe disease than those in DECISION, including a higher prevalence of bone metastases, which has been associated with poor survival in patients with thyroid cancer. 21, 22 After adjusting for baseline differences using MAIC and correcting for crossover, lenvatinib appeared to be associated with better OS than sorafenib in RR-DTC, although the observed difference was not statistically significant. OS data may still be confounded by post-progression crossover from placebo to active treatment (even though rank-preserving structural failure time model was applied), sample size (neither study was powered to demonstrate a difference in OS compared with placebo), and incomplete OS data. In the absence of mature data for OS, PFS findings provide the best-available indicator of comparative treatment-effect superiority.
Recently proposed systems developed by the American Society of Clinical Oncology and the European Society for Medical Oncology that aim to assess and compare the benefits provided by a therapeutic intervention place considerable emphasis on evidence obtained from randomized studies comparing one active agent with another, such as standard of care. 11, 12 Although this is the ideal situation, such trials are not always feasible, eg, where the potentially eligible sample sizes are small due to the limited prevalence of a disease. Consequently, other approaches have been considered, such as examining the absolute benefit of a given therapy (eg, assigning a score based on absolute months of survival achieved) instead of the relative benefit observed in a study; however, between-study differences in patient populations may lead to incorrect conclusions from this approach. Another limitation is that the study population is defined by eligibility criteria and is unlikely to match either the patient population included in another study or indeed the general cancer population. In such instances, MAIC may be a valid alternative, filling the evidence gap and providing decision-makers with evidence to input into frameworks that are likely to become a significant part of the decision-making process. The MAIC process is based on HRs obtained from populations rendered comparable by focusing on inclusion criteria common to the studies in question and by minimizing design bias that might otherwise result from cross-trial comparisons.
Some limitations of this analysis should be considered. Only patient characteristics common to both studies and reported in DECISION were matched; other unobserved factors may therefore have influenced the results. The exclusion from this analysis of patients previously treated with VEGFtargeted therapies limits our conclusions to patients who have not received prior treatment with these agents.
In conclusion, after adjusting for observed differences between the SELECT and DECISION trials in patients with RR-DTC, lenvatinib was associated with statistically significantly longer PFS compared with sorafenib based on an MAIC of individual patient data from the SELECT trial and aggregate data from the DECISION trial. MAIC is an important methodology that adjusts for differences between patients and trials to allow cross-study comparisons to be performed, which is particularly valuable in orphan diseases where comparative data are limited. This analysis of the SELECT and DECISION trials may provide decision-makers with informative comparative effectiveness evidence in the absence of head-to-head studies and may be used as part of the decision framework in RR-DTC.
